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Gain and loss of whole chromosomes leads to 
aneuploidy in which the chromosome number 
differs from the normal haploid (n) or diploid (2n) 
chromosome number. Changes to an exact mul-
tiple of the haploid number (e.g. 3n, 4n) is termed 
polyploidy, triploidy and tetraploidy, respectively. 
In distinction from mammals, where triploidy is 
usually associated with lethal to sublethal condi-
tions (Gold and Avise, 1976; Aardema et al., 1998), 
in lower vertebrates, triploids are more viable and 
have been observed in hybrids between unisexual 
and bisexual species of fish, amphibians and reptiles 
(Thorgaard and Gall, 1979). Interest in the potential 
use of triploids in fish culture has been based on 
the assumption that these fish are in general sterile. 
Namely, suppressed gonadal development in trip-
loid individual may allow metabolic energy and 
nutritional resources, normally used for develop-
ment of sexual characteristics and reproduction, to 
be directed into faster somatic growth (Thorgaard, 
1983). Experimentally, triploids have been induced 
by different treatments (chemical and mechanical) 
(Purdom, 1983; Thorgaard, 1983; Teskeredzic et 
al., 1993). The most common method for inducing 
triploidy is thermal shock. This procedure, when 
applied shortly a�er normal fertilization, prevent 
block extrusion of the second polar body resulting 
in incorporation of a third chromosome set into the 
genome (Purdom et al., 1985).
Besides the inducing of polyploidy, heat shock 
has genotoxic effects (Anitha et al., 2000). Genotoxic 
effects can result by micronuclei (MN) induction. 
Micronuclei are cytoplasmic chromatin-containing 
bodies formed during the metaphase/anaphase 
transition of mitosis (cell division) either from a 
whole lagging chromosome (aneugenic event) or 
lagging acentric chromosome fragments caused by 
chromosomal breakage (clastogenic event) which 
do not integrate in the daughter cell nuclei follow-
ing anaphase (Heddle, 1973; Schmidt, 1975; Miller 
et al., 1998).
As different investigators relate MN appearance 
with polyploidy and aneuploidy in mammalian 
cells caused by different genotoxic compounds 
or treatment (Ciranni et al., 1995; Uryvaeva and 
Delone, 1995; Elhajouji et al., 1998; Miller et al., 
1998; Gonzalez-Cid et al., 1999), the aim of our 
study was to establish MN appearance in triploid 
rainbow trout. To the best of the author’s knowl-
edge this is the first study of this kind conducted 
on triploid fish.
MATERIAL AND METHODS
The experiment was performed at fish farm 
Gracani (Croatia) with the constant influx of 
spring water. Rainbow trout (Oncorhynchus mykiss 
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Walbaum) eggs and milt were collected by strip-
ping ripe spawners (one female – body weight 
3.850 g, and two males – body weights 2.320 g 
and 1.939 g, respectively). A�erwards, eggs were 
divided into two groups 312 and 313 eggs/group). 
All eggs were fertilized by the semidry method as 
described by Bojcic et al. (1982) and maintained in 
circulatory spring water of 10°C. Twenty minutes 
post fertilization, one group of eggs was immersed 
in a thermoregulated bath at water temperature of 
26°C for 20 minutes (temperature was maintained 
by Techne-Tempe�e TE-8D). Second group was kept 
at water temperature of 10°C. Following treatment, 
the eggs were placed in an incubator supplied with 
spring water and reared at ambient temperature 
until the yolk sac was absorbed (67 days). Dead 
eggs were removed once a week and survival 
was calculated as the percentage of the eggs that 
hatched. At swim-up stage, fry were transferred 
to tank divided into two compartments, also sup-
plied with spring water. The fry were fed once a day 
with commercial fish food. Water temperature was 
measured daily. Dissolved oxygen, carbon dioxide, 
pH, organic particulates, ammonium and hardness 
were measured once every two weeks. 
Blood samples for the smears were taken from 
the caudal vessels of 80 fish from each group 67 
(following absorption of the yolk) and 128 days 
(fry stage) post fertilization, fixed in 95% metha-
nol for 3 minutes, le� to air dry and stained with 
20% Giemsa solution for 15 minutes. The scoring 
was performed with Opton (Germany) microscope 
at 1 600× magnification. A thousand erythrocytes 
were scored per slide to determine the frequency 
of cells with micronucleus and 25 erythrocytes per 
slide were analyzed to detect triploidy. Criteria 
for MN were performed according to Tates et al. 
(1980) defining diameter smaller than one third of 
the nucleus; non-refractibility of the MN to exclude 
small particles; color the same as/or lighter than 
nucleus. The presence of triploidy was determined 
from the volume of erythrocyte nuclei as described 
by Stanley and Allen (1979). Shortly, triploid fish 
were identified by measurement of erythrocyte 
nuclei length and width with ocular micrometer 
and calculation of nuclear volume (V = 4/3πab2; 
a = major semiaxis, b = minor semiaxis). 
Statistical evaluation was carried out using Mann-
Whitney Rank Sum Test (Sigma Statistical So�ware, 
Version 1.0).
RESULTS AND DISCUSSION
During the experimental period ambient water 
temperature ranged 7.5–10.1°C, pH 7.43–7.58, 
concentration of dissolved oxygen 9.9–12.7 mg/l, 
dissolved carbon dioxide 6.3–13.2 mg/l, organic par-
ticulates 4.11–6.30 mg/l, concentration of ammonia 
<0.10 mg/l and total hardness 84.54–103.9 mg/l as 
CaCO3. These values were optimal for rainbow 
trout development.
Analysis of blood smears showed that all rainbow 
trout exposed to thermal shock soon a�er fertiliza-
tion had significantly higher (P < 0.05) erythrocyte 
nuclei volume (116.5 ± 12.81 µm3) (Figure 1) than 
diploid (untreated) individuals (69.9 ± 14.257 µm3) 
(Figure 2). The heat shock of 26°C for 20 minutes 
duration, administered 20 minutes a�er insemina-
tion, gave 100% induction of triploidy. Chorrout and 
Quillet (1982) succeeded in inducing 100% triploidy 
in rainbow trout by applying 26°C heat shock last-
Figure 1. Erythrocytes of triploid rainbow 
trout Arrow: a micronucleated erythrocyte
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ing 20 minutes but commencing 25 minutes a�er 
insemination. Survival in control group was 81.09% 
but survival of triploids was low (46.97%). It has 
o�en been reported and possibly relates to “egg 
quality” or to the susceptibility of eggs of different 
origin to triploidising treatments (Lou and Purdom, 
1984; Johnstone, 1985). 
As MN can occur as a consequence of both 
structural and numerical chromosomal aberrations 
(Miller et al., 1998), in this study, the frequencies of 
micronucleated erythrocytes in a control and heat 
shocked population of rainbow trout were analysed. 
Micronucleus induction was observed in both fish 
groups and results are presented in Table 1. Data 
showed significantly (P < 0.001) higher number 
of micronucleated erythrocytes in triploid than 
in diploid individuals at both sampling periods. 
The MN in diploids we a�ributed to spontaneous 
occurrence. 
The average MN frequency in the triploid fish 
collected 67 days a�er insemination was approxi-
mately 2 fold higher than in diploid fish. A clear in-
crease in MN frequencies was found even 128 days 
a�er temperature shock and the difference between 
triploid and diploid group increased. The level of 
micronucleated erythrocytes was 3 fold higher in 
triploids than in diploids.
From the present study it is evident that MN 
formation was directly linked to the polyploidy. 
Our findings are in good agreement with other in-
vestigations conducted on mammals, which noted 
that the MN frequency correlates with increased 
variability in chromosome number. Uryvaeva and 
Delone (1995) showed that liver cells from mouse 
carrying MN were the higher ploides rather than 
the population in general and Ciranni et al. (1995) 
also found a significant presence of types of MN 
that are probably aneuploid related. Elhajouji et al. 
(1998) reported about increasing frequency of MN 
in tetraploid lymphocytes. Since triploid red blood 
cells are polyploid cells, they could contain multiple 
molecular targets for genetic damage in compari-
son with diploid cells during cell division. During 
division these cells could likely form micronuclei. 
Yamazaki and Goodier (1993) in the chromosome 
preparations from polyploid fish embryos noted 
fragments that remained isolated between the two 
daughter nuclei at telophase. Fragmented chromo-
somes were found in cytoplasmic regions far from 
the spindle or nuclear areas but authors did not 
correlate it with micronucleus. 
Anitha et al. (2000) found MN in adult gold fish 
subjected to heat shock. They noted that the effect 
of temperature on the induction of micronuclei 
was not dose dependent but the frequency of MN 
was correlated with the number of polyploid set 
of chromosomes In distinction from Anitha et al. 
(2000) who recorded nuclei deviation from their 
regular structure when subjected to heat shock, in 
Figure 2. Erythrocytes of diploid rainbow trout
Table 1. The average micronucleated erythrocyte fre-
quency between diploid and triploid fish at swim-up and 
fry stage 
Rain-
bow 
trout
MN/1 000 erythrocytes (mean ± SD)
67 days post 
fertilization
128 day post 
fertilization
Diploid 1.10 ± 0.96 1.80 ± 1.57
Triploid 2.41 ± 1.28 5.92 ± 3.80
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this experiment erythrocyte nuclei did not exhibit 
such deviation. 
Yamada et al. (1989) also reported that polyploidy 
increased when cells were cultured at over 40.3°C 
compared with cells cultured at 37°C and structural 
chromosome aberrations (breaks, stickiness, frag-
mentation) were observed at 41.5°C. 
Asanami and Shimono (1997) suggested that 
hyperthermia disturbs the mitotic apparatus in 
mammalian cells in vivo and induces micronuclei 
formation. 
Heat shock in our study primarily induced 
increasing chromosome number and the con-
sequence of this event with time distance was 
formation of MN. 
In summary, our results confirmed previous in-
vestigation, which indicated that the micronuclei 
are consequence of numerical chromosomal aber-
rations but we showed that an early application of 
heat shock on fish eggs has indirect consequence 
on la�er occurrence of micronucleus. 
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